Liver sections from five patients with persistent hepatitis B virus (HBV) infection and active cirrhosis were shown to contain intracellular HBV DNA by in situ hybridization using cloned 3H-labelled HBV DNA probes. Two classes of infected cells, with different distributions throughout the liver, were distinguished: (i) cells containing a low copy number of double-stranded HBV nucleotide sequences, confined to the cell nucleus and thought to represent HBV DNA, and (ii) cells containing large amounts (estimated to be greater than 10 or 15 genome copies per cell) of HBV DNA, much of it in a single-stranded form and largely confined to the cell cytoplasm; these single-stranded regions represented widely separated regions of the HBV genome, in contrast to the structure of the DNA in mature virions. It is likely that these latter cells may be supporting viral DNA synthesis. Cells with large amounts of cytoplasmic HBV DNA invariably contained hepatitis B surface antigen (HBsAg) and in addition contained either no detectable hepatitis B core antigen (HBcAg), or cytoplasmic HBcAg or nuclear HBcAg in that order of frequency. Cytoplasmic HBcAg was highly predictive of the presence of large amounts of cytoplasmic HBV DNA in the same cell, while either nuclear HBcAg, or cytoplasmic HBsAg, were often seen both in cells with and without such levels of DNA. These patterns, relating HBV DNA and antigen content in naturally occurring asynchronous infection in a heterogeneous cell population, should provide a background to further studies of the virus replication cycle with a defined experimental system, when such a system becomes available.
INTRODUCTION
Persistent infection with hepatitis B virus (HBV) in man is associated with different histological types of chronic liver disease in different patients, that reflect varying levels of active hepatocyte damage and inflammation, together with varying degrees of disturbance of liver architecture.
In general, (i) healthy patients with minimal hepatocyte damage tend to have significant expression of hepatitis B surface antigen (HBsAg) within hepatocyte cytoplasm, (ii) immunosuppressed patients with minimal liver damage show abundant intranuclear hepatitis B core antigen (HBcAg) together with cytoplasmic membrane expression of HBsAg and (iii) patients with active liver damage show 'spotty' expression of both HBcAg and HBsAg (Gudat et al., 1975; Gerber & Thung, 1979) . Three additional markers have been postulated to identify those patients with a higher general level of HBV replication within infected tissues. These are (i) the presence of detectable HBV DNA (or HBV virions) in a patient's serum (Werner et al., 1977; Bonino et al., 1981 ; Brechot et al., 1981 b) , (ii) the presence of non-integrated 'free' HBV DNA in DNA extracts from infected liver (Brechot et al., 1981 a, b) and (iii) the presence of hepatitis B e antigen (HBeAg), rather than hepatitis B e antibody (anti-HBe), in a patient's serum. In different patients, the above markers of virus 'replication' tend to coexist, and such patients also tend to be those with histological evidence of active disease. In contrast, in those patients with circulating anti-HBe, no detectable circulating HBV DNA and less active forms of liver disease, 0022-1317/83/0000-5460 $02.00 © 1983 SGM HBV DNA in infected liver extracts tends to be in a high molecular weight form reflecting integration into host cell DNA Brechot et al., 1981 a, b) . However, no detailed studies to date have correlated HBV antigen expression with HBV DNA in different liver cells in the same patient.
Hepatitis B virions isolated from the plasma of infected patients contain an open circular double-stranded DNA molecule 3200 bases in length, with a single-stranded gap spanning from 15 to 50~ of the genome length in different molecules. The gene for HBcAg is a 549-base sequence within a region that is constantly double-stranded in mature virions, while the gene for HBsAg spans 698 bases in a region that is single-stranded in many molecules. A DNA polymerase associated with the virus core can repair this gap in vitro by elongating the 3' end of the incomplete strand . However, little is known about intracellular replication of HBV due to the lack of a suitable tissue culture system. We have recently reported evidence for single-stranded HBV DNA in the cytoplasm of infected human hepatocytes by in situ hybridization (Burrell et al., 1982) : other workers studying the closely related hepadnavirus of Peking ducks have also reported single-stranded virus DNA in extracts of infected duck liver using the Southern blot technique (Summers & Mason, 1982a; Mason et al,, 1982) , and described in vitro synthesis of virus DNA by tissue extracts using an endogenous RNA template (Summers & Mason, 1982 a, b) . These latter observations suggest that, as in retroviruses, reverse transcription of virus DNA from an RNA template may be involved in replication of hepadnaviruses, although, in contrast to retroviruses, the genome form packaged in mature virions is double-stranded DNA.
In this study of five human livers infected with HBV, we present detailed evidence for two classes of infected cells within the same infected liver: namely, cells with significant amounts of cytoplasmic HBV DNA, and cells with low genome copy numbers of double-stranded HBV nucleotide sequences, confined to the cell nucleus and thought to represent HBV DNA. We provide further evidence that in cells with significant amounts of cytoplasmic DNA, much of this is in single-stranded form representing widely separated regions of the HBV genome, and give a classification of different patterns of viral DNA and antigen accumulation within different hepatocytes in the same chronically infected liver.
METHODS
Source of liver tissues. Liver samples from five different patients with active cirrhosis and persistent HBsAg antigenaemia were studied. Patients no. 1, 4 and 5 were HBeAg-positive in the serum, patient no. 2 was anti-HBepositive and the HBeAg status of patient no. 3 was not known. All five livers contained HBsAg and HBcAg, assessed by immunofluorescence (IF). The sample from patient no. 2 was a biopsy that had been fast-frozen, embedded in Tissue-Tek 11 O.C.T. Compound (Miles Laboratories) and stored at -40 °C. The remaining four samples were autopsy livers harvested 24 to 72 h after death, cut into slices and stored at -40 °C. In each case a portion of the sample was fixed in formalin, and haematoxylin and eosin sections were prepared to allow histological diagnosis; post mortem histological changes were not marked. Histologically, all five livers showed cirrhosis with marked portal tract inflammation, disruption of limiting plates and loci of hepatocytes undergoing hydropic degeneration.
Preparationof3H-labelledHBVDNAprobes. Recombinant plasmids pHBV 114 and pHBVCB containing HBV DNA cloned in pBR322 (Burrell et al., 1979) were used as the source of HBV sequences, pHBV 114, which contains 73~ of the HBV genome (Burrell et al., 1982) , was used to provide probes for specific genome fragments and pHBVCB (N. Gough & K. Murray, unpublished results) was used as a probe containing the full HBV genome.
Plasmid DNA was nick-translated to 1 x 10 s to 2 × l0 s d/rain 3H per Ixg as previously described (Gowans et al., 1981) . Specific genome fragments were collected by preparative gel electrophoresis after nick translation (Burrell et al., 1982) to ensure that the specific activities of the different genome fragments were similar.
In situ hybridization. Except where a step designed to denature double-stranded DNA in sections was specified, all stages of preparation of sections for hybridization carefully avoided extremes of heat or pH that might have denatured double-stranded DNA. Frozen sections (6 ~tm) were air-dried and fixed in 0.1~ glutaraldehyde in phosphate-buffered saline, pH 7.2 for 30 min at 4 °C. They were then dehydrated through an ascending ethanol series buffered with 25 mm-Tris pH 7.2. The sections were treated with l gg/ml proteinase K in 20 mM-Tris-HCl pH 7.4, 2 mM-CaC12 at 37 °C for 15 rain and washed for a futher 15 min in 0.1 x SSC (saline sodium citrate). Selected sections were then treated with either (i) S1 nuclease (Sigma), 1000 U/ml in 50 mM-NaC1, 30 raM-sodium acetate pH 4-6, 1 mM-ZnSO~, 5 ~ glycerol, 100 ~tg/ml sheared denatured salmon testis DNA (Sigma) or (ii) DNase IP: 54.70.40.11
On: Sat, 29 Dec 2018 21:36:47 I (Boehringer), 50 ~tg/ml in 50 mM-Tris-HCl pH 7.5, 7 mM-MgC12 or (iii) RNase A (Boehringer), 300 ~tg/ml in 2 x SSC, all for 1 h at 37 °C. Selected sections were boiled for 3 naln in 0.1 x SSC before or after these treatments. All sections were then washed briefly in 0.1 x SSC, re-digested with proteinase K and washed in 0.1 × SSC as above. They were then treated with 0.25 ~ acetic anhydride in 0.1 M-triethanolamine buffer (final pH 7.2) as described by Hayashi et al. (1978) , and washed for 2 × 15 min in 0.1 × SSC before dehydration as above and subsequent drying.
For in situ hybridization, radiolabelled plasmids pHBV 114 or pHBVCB were denatured by heating to 100 °C for 5 min in 70 to 80~ formamide and cooled rapidly on ice before assembly of the final hybridization mixture; the probe concentrations were adjusted to 2 ng of pHBVCB and approximately 200 pg of pHBV 114 gene probes per 3 vtl of hybridization mixture applied to each section. Conditions for in situ hybridization and appropriate controls to verify the specificity of autoradiographic grains for detection of HBV DNA in sections were in other respects as previously described (Gowans et al., 1981) .
Autoradiography. Ilford K2 or L4 emulsion was diluted 1 : 1 in distilled water, glycerol added to 1 ~o and melted at 45 °C for 15 rain. The slides were dipped and immediately placed on an ice-cold metal plate in order to gel the emulsion (Rogers, 1979) . After 30 rain, the slides were removed and dried flat at room temperature for 2 to 3 h. They were then transferred to exposure boxes containing silica gel and stored overnight at room temperature to ensure drying. The dessicant was then removed and the slides stored at -20 °C for the remaining exposure time. After development and fixation (Gowans et al., 1981) , the sections were stained by haematoxylin and eosin, except where quantification of the autoradiographic signal was to be performed. These sections were stained by haematoxylin only.
Comparison of the autoradiographic signal between slides was quantified by reflected light photometry as described by Burrell et al. (1982) . Microscope fields 105 ~tm in diameter were illuminated with incident white light using a x 60 oil immersion objective, and the intensity of light reflected by silver grains in the emulsion was measured; the direct proportionality between visual grain counts and photometric readings made in this way has been demonstrated previously (Rogers, 1979) . Because heavily labelled cells were often distributed in foci, a number of fields (usually 24) from each section were chosen to represent the most heavily labelled areas in each section; the highest 15 readings from each section were averaged, the mean photometric reading from three fields containing unlabelled cells was subtracted as a background value, and the standard deviation of the positive readings was calculated.
Immunofluorescence. HBsAg and HBcAg were detected in unfixed 6 rtm frozen sections of liver, by indirect and direct IF tests respectively as previously described (Gowans et al., 1981) . For HBsAg detection, rabbit anti-HBs (Behringwerke, F.R.G.) diluted 1/30 was followed by sheep anti-rabbit fluorescein isothiocyanate (FITC)conjugated antibody (Wellcome Reagents) diluted 1/8. For HBcAg detection, FITC-conjugated IgG was prepared from the serum of an HBsAg carrier with high levels of HBsAg, HBeAg and anti-HBc as detected by Ausria, HBeRIA and CORAB (all Abbott Laboratories, North Chicago, Ill., U.S.A) respectively. When IF was to be followed by in situ hybridization on the same section, selected areas were photographed using incident u.v. illumination and the location of each field was recorded on the Vernier scale of the microscope stage. In situ hybridization was then carried out as above except that denaturation of sections was at 100 °C for 2 min in 2 x SSC. After autoradiography, the fields previously photographed were located and rephotographed with transmitted white illumination to demonstrate autoradiographic grains.
RESULTS

Detection of large amounts of single-stranded (ss) HBV DNA in hepatoeyte cytoplasm
Infected hepatocytes in sections from all five livers showed a high cytoplasmic grain density after in situ hybridization with a full length HBV genome probe (pHBVCB), using tissue fixation conditions chosen to avoid denaturation of double-stranded (ds)DNA and with autoradiographic exposure times of I to 5 weeks. No clear evidence was seen for grains over specific cells other than hepatocytes. The reaction was significantly reduced if the sections were pretreated with DNase or $1 nuclease, but not with RNase (Table 1) . Similar results were obtained with livers no. 2 to 5. The less than complete abolition of the autoradiographic signal after nuclease pretreatment (particularly with S~ nuclease) was consistent with previous control experiments using tissue culture cells prelabelled with [3H]thymidine, and with or without boiling, that were carried out to verify the use of these enzyme treatments as hybridization controls (data not shown). The above results therefore confirmed that the target of the in situ hybridization reaction was largely ssDNA. The specificity of the reaction for HBV nucleotide sequences was also established using a control reaction with 3H-labelled pBR322 DNA as described previously * Mean reading in relative photometric units ( + standard deviation) of 15 microscope fields, each containing 50 to 70 heavily labelled cells, after subtraction of the mean background reading of three fields containing unlabeUed cells on the same slide. Mean background readings ranged from 23 to 62 for different slides. Control sections using 3H-labelled pBR322 DNA as probe, or HBV probes on uninfected liver sections, showed similar background grain densities, but these were not quantified photometrically. (Gowans et al., 1981) . The quantitative autoradiographic signal was usually increased if the sections had previously been boiled. This increase in signal after boiling was probably due to denaturation and consequent detection of additional previously ds viral DNA within cells. In order to test which regions of the virus genome were represented within cells as ssDNA, we constructed probes from specific regions of the virus genome ( Fig. 1 ) and used these in the in situ hybridization reactions on liver no. 1. Probes containing either the HBcAg or the HBsAg gene regions gave good hybridization on undenatured sections (Table 2) , indicating that the DNA sequences complementary to both probes present in infected cells were in a partly singlestranded form. Livers no. 2 to 5 also showed good hybridization with the specific gene probes from both regions. In all the above experiments, autoradiographic exposure times of 1 to 5 weeks were used and cells positive for HBV DNA contained at least 30, and often hundreds, of grains per cell. We IP: 54.70.40.11
On: Sat, 29 Dec 2018 21:36:47 HBV DNA and antigens in infected liver cells 1233 have previously estimated that this degree of labelling is likely to correspond to a viral gen0me copy number ranging from several hundred to several thousand viral genome equivalents per cell (Burrell et al., 1982) , and that the sensitivity of this type of assay is around 10 to 15 genome equivalents per cell (Gowans et al., 1981) . The autoradiographic grains were confined almost wholly to hepatocyte cytoplasm, and no differences in grain distribution were seen between experiments using nucleases, boiling, or genome fragments as probes. These experiments demonstrated the presence in infected hepatocyte cytoplasm of significant amounts of ss HBV DNA that represented two widely separated regions of the HBV genome. In contrast, singlestranded regions of the HBV genome in mature virions are confined to a region represented by probes P2 and P4 (Fig. 1) .
Correlation between viral antigen expression and the presence of large amounts of cytoplasmic
HBV DNA Cells positive for HBsAg or HBcAg by IF were photographed, and the same sections were then examined by in situ hybridization with 1 to 5 weeks' exposure designed to detect only greater than 10 to 15 viral genomes per cell. The hybridized sections were rephotographed and cells positive for viral antigens or DNA respectively were examined for the presence of the other marker by comparison of the photographs. The relationship between HBV DNA and HBsAg was examined in livers no. 1 and 2 and the relationship between viral DNA and HBcAg was examined in livers no. 1 and 4 ( Fig. 2) .
With both livers 1 and 2, cells positive for cytoplasmic HBV DNA at the above level of sensitivity always contained HBsAg. The converse, however, was not the case; in one patient with serum HBeAg (no. 1) 95~ of HBsAg-positive cells contained cytoplasmic HBV DNA, whereas in another patient with anti-HBe (no. 2), only 29 ~ of HBsAg-positive cells contained HBV DNA detectable at a sensitivity of t0 or 15 genome copies per cell. Thus, in the patient with anti-HBe, a major population of infected cells identified by the presence of HBsAg contained insufficient HBV DNA for detection at this level of sensitivity.
A detailed correlation between HBcAg and virus DNA in nucleus and cytoplasm was then carried out on livers no. 1 and 4. Firstly, HBV DNA was predominantly cytoplasmic in both livers (94~ of HBV DNA-positive cells in liver no. 1, and 87~ in liver no. 4). In contrast, HBcAg was predominantly cytoplasmic (77 ~ of HBcAg-positive cells) in liver no. 1 and predominantly nuclear (75~ of positive cells) in liver no. 4.
We next looked at the cellular localization of HBV DNA among cells positive for either nuclear or cytoplasmic HBcAg separately (Table 3 ). In both livers, the vast majority (107/113) of cells positive for cytoplasmic HBcAg also contained HBV DNA in the cytoplasm only; in contrast, among cells with nuclear HBcAg, 46.4~ contained cytoplasmic HBV DNA, and 33-3~ had no detectable HBV DNA. For the converse correlation, when HBV DNA-positive cells were examined for HBcAg, 45 to 50~o of DNA-positive cells were HBcAg-negative, and HBcAg in the remaining DNA-positive cell population was usually cytoplasmic in liver no. 1 and nuclear in liver no. 4 (data not shown). Both cytoplasmic HBV DNA, and particularly cytoplasmic HBcAg, were often localized to one or several discrete loci rather than being uniformly distributed throughout the cytoplasm; however, it was noteworthy that in cells positive for both cytoplasmic markers, the exact locations of both markers within the same cell did not usually coincide. Thus, the following major populations could be distinguished (Table 4 ). Types 1 to 3 comprise cells with large amounts of cytoplasmic HBV DNA that were all HBsAg-positive and contained either no detectable HBcAg, cytoplasmic HBcAg or nuclear HBcAg in that order of frequency. Types 4 and 5 were infected cells, in which no large amounts of HBV DNA were seen, expressing either cytoplasmic HBsAg or nuclear HBcAg; to what extent these two markers coexisted in the same cell was not examined. It was particularly significant that cytoplasmic HBcAg was highly predictive of the presence of large amounts of cytoplasmic HBV DNA, and that nuclear HBcAg or cytoplasmic HBsAg were present in cells either positive or negative for large amounts of HBV DNA (Table 3) . Negative Nucleus Not known + * Indicated by the presence of greater than 15 grains per cell after 1 to 5 weeks' autoradiographic exposure. I" Cells of type 4 and type 5 presumably contain sufficient HBV DNA to allow coding for the expression of viral antigens, but in lower amounts than the 10 to 15 genome equivalents per cell detectable in this assay.
Detection of low genome copy numbers
With the autoradiographic exposure times (1 to 5 weeks) used above, the sensitivity of detection of viral genomes has been estimated to be around 15 copies per cell (Gowans et al., 1981) . To increase the sensitivity to allow detection of very few genome copies per cell, a similar in situ hybridization experiment was carried out, with 26 weeks exposure, on livers no. 2 to 5.
Tissues were examined with and without prior boiling, and $1 nuclease predigestion was performed on duplicate sections to confirm the specificity of the reaction. A DNase control was omitted in this experiment because of the difficulty in identifying nuclei in sections after this treatment (Gowans et al., 1981) .
In addition to the cells strongly positive for cytoplasmic grains (Fig. 3a) , a further cell population was now revealed containing 5 to 15 grains per cell, localized to cell nuclei, with minimal labelling of the cytoplasm (Fig. 3b) . These nuclear grains were present only if the sections had been boiled, and were absent if the section was pretreated with St nuclease after boiling, indicating that they were likely to represent ds HBV nucleotide sequences. When sections of a well differentiated hepatoceUular carcinoma from an HBsAg-positive patient were examined similarly, all turnout cell nuclei were labelled with 5 to 15 grains after 26 weeks' exposure (data not shown). Other workers have reported that persistently infected livers may contain significant amounts of HBV DNA integrated into host cell DNA (Brechot et al., 1981 a, b; . We therefore consider it possible that the nuclear grains described above correspond to this integrated HBV DNA described by others. Whether cells with heavy cytoplasmic labelling also contained low numbers of nuclear grains could not be established owing to the general high grain density.
The distribution of cells containing nuclear grains only differed from that of cells with heavy cytoplasmic labelling. Cells with cytoplasmic labelling were widely distributed in foci throughout liver lobules, whereas cells with nuclear grains only were commonest around portal tracts and areas of fibrosis. Further work is under way to investigate the distribution of these latter cells more fully.
DISCUSSION
In situ hybridization can detect foci of infected cells in an otherwise uninfected cell population, independently of the expression of viral antigens, and can identify the distribution and morphology of the infected cells. In this study, we present detailed evidence extending our earliest report of significant amounts of ss HBV DNA in the cytoplasm of infected hepatocytes. Using the methods described above, we were unable to detect HBV mRNA sequences in cells expressing viral antigens; this may be due to the labile nature of mRNA, which requires different conditions of tissue preservation and section fixation for its detection by in situ hybridization (Maitland et al., 1981; A. R. Jilbert, unpublished observations) .
This study presents the first clear distinction of two classes of naturally infected cells containing HBV DNA sequences, namely (i) cells, distributed in foci within lobules, that contain large amounts of cytoplasmic HBV DNA, much of it in a single-stranded form, and (ii) cells distributed predominantly in and around portal tracts, that contain low amounts of doublestranded HBV nucleotide sequences within nuclei. DNA extracts from infected liver homogenates from different patients may contain HBV DNA sequences integrated into host DNA, 'free' sequences of 1 genome length or less, or a mixture of both (Brechot et al., 1981 a, b; . It has been suggested that 'free' viral DNA may indicate viral replication (Brechot et al., 1981 a, b) . Because these studies examined the average of many cells rather than single cells, and because in situ hybridization does not allow measurement of length of the viral DNA sequences detected, direct correlation between the findings of these authors and our results is not possible. However, it is a reasonable assumption that the integrated HBV DNA in liver extracts may correspond to the low copy number, nuclear HBV nucleotide sequences identified by in situ hybridization, and that the 'free' HBV DNA in liver extracts may correspond to the high copy number cytoplasmic HBV DNA. Further evidence for two general classes of infected hepatocytes, based on viral antigen and DNA detection, is discussed below.
The cytoplasmic ssDNA described in this work has been estimated to represent from several hundred to several thousand HBV genome equivalents per hepatocyte (Burrell et al., 1982) . These hepatocytes might therefore represent cells undergoing HBV DNA replication (with or without mature virion formation), or latently infected cells containing large pools of nonencapsidated cytoplasmic HBV DNA without active DNA synthesis, or cells containing large intracytoplasmic pools of mature HBV virions. We think the third possibility is unlikely since the cytoplasmic locations of HBV DNA and HBcAg detectable by IF with the same cell did not correspond, and because the single-stranded regions in the cytoplasmic HBV DNA were distributed more widely over the HBV genome than is the case for mature virion DNA. It is more difficult to distinguish the possibilities of active HBV DNA replication and latent infection. Nevertheless, it is clear that these cells have supported substantial HBV DNA synthesis; in additionl 100~ of these cells contained HBsAg, and in livers no. 1 and 4, 50~ and 57~o respectively contained HBcAg detectable by IF, indicating significant expression of both major viral antigens. We consider it likely that a majority of cells identified in this way are actively engaged in virus replication.
Whether de novo HBV DNA synthesis occurs in the cytoplasm, or in the nucleus followed by migration to and accumulation in the cytoplasm, cannot be answered directly from this work. However, our findings contrast sharply with similar in situ hybridization studies with papovaviruses (D6rries et al., 1979; Langelier et al., 1975; Neer et al., 1977) , adenoviruses (Moar & Jones, 1975) and herpesviruses (Moar & Klein, 1978; Ross et al., 1981 ; Volsky et al., 1981) . In each of these studies with viruses known to replicate their DNA in the nucleus, autoradiographic grains representing viral DNA were confined to the nuclei of infected cells. Similarly, intranuclear inclusions in cells infected with parvoviruses (Kurstak, 1972) , papovaviruses (Oxman, 1978) , adenoviruses (Ledinko, 1978) and herpesviruses (Crouse et al., 1950) are usually Feulgen-positive, whereas those in HBV-infected hepatocytes are Feulgen-negative (Huang et al., 1972; Bianchi & Gudat, 1976) . Thus, several lines of consistent evidence relating to the cellular localization of viral DNA provide a contrast between HBV on one hand, and other DNA viruses known to replicate their DNA in the cell nucleus on the other hand. Definite proof of the site of HBV DNA replication must await precursor uptake studies.
Previous studies have compared patients with different histological categories of liver disease with respect to the general patterns of HBsAg and HBcAg expression throughout the liver (Gudat et al., 1975; Gerber & Thung, 1979) . In this study we have distinguished five major patterns of response to HBV infection at the level of the individual cell, based on localization of viral antigens and relative content of viral DNA (Table 4 ). The apparent lack of HBcAg in type 1 cells may merely reflect the sensitivity of the HBcAg assay, since we consider type 1 cells are likely to be undergoing virus replication. Nevertheless, we feel that the above distinction between type 1, and types 2 and 3 based on the presence of detectable HBcAg, is useful at this stage. The relative frequency with which each pattern is found in different patients may vary from that reported here, depending on the stage in the natural history of the infection; for example, we found type 4 (HBsAg-positive, lacking significant amounts of HBV DNA) to be common in a patient with anti-HBe and rare in a patient with HBeAg, and we found differences in the relative proportions of type 2 and type 3 cells between different patients. The distinction between types 1, 2 and 3, and 4 and 5 provides additional evidence to the long exposure autoradiographs above for two general classes of infected hepatocytes, i.e. those with and those without significant amounts of HBV DNA but both expressing viral antigens.
Since these different patterns may represent different stages in the virus replication cycle, different mutually exclusive pathways of virus-cell interaction, or effects of infection on different cell types, it would be unwise to attempt to relate these to the virus replication cycle. Nevertheless, our results suggest that cytoplasmic HBcAg accumulation may be closely related to HBV DNA replication, and that cytoplasmic HBsAg, or nuclear HBcAg, can accumulate in cells that lack significant amounts of HBV DNA and are therefore presumably undergoing latent or abortive infection. Excess HBcAg produced in such cells may therefore migrate to the nucleus with or without self-assembly into 27 nm core particles. The findings reported above contribute descriptive information about naturally occurring asynchronous infection in a heterogeneous cell population, and should provide background for further formal studies of the virus replication cycle in a defined experimental system, when such a system becomes available.
